Perchlorate consumption can cause mental retardation and tumour formation in humans. Recent suggestions that perchlorate may be present as a contaminant in fertilizers and fertilizer components have caused concern in the fertilizer industry. The present study developed methods for improving the HPLC analysis of perchlorate and used these methods to survey 15 US fertilizers for perchlorate. Extraction with 50 mM M NaOH rather than water was found to improve extraction eciency from 84 to 98%. The incorporation of Ca(HO) 2 into the extraction medium to yield 1 : 0.5 or 1 : 1, SO 4 ± : Ca +2 molar ratios reduced the analytical interference caused by SO 4 ±2 by reducing the slope of the SO 4 ±2 peak tail by 75%. The study found no perchlorate in any of the fertilizers investigated.
Introduction
The perchlorate anion (ClO 4 ± ) is similar to iodine in both charge and ionic radius. Thus, ingestion of perchlorate presents a health concern because it interferes with the proper functioning of the thyroid gland, which can result in mental retardation in infants and unborn children and thyroid tumours (Renner 1998 (Renner , 1999a . The proposed human health oral risk benchmark for ClO 4 ± is 0.0009 mg kg ±1 day ±1 (US EPA 1999) . This is the amount that should not cause harm to humans, including sensitive subpopulations, if consumed daily over a lifetime. Most environmental research on ClO 4 ± has concerned its presence and persistence in groundwater and the health eects of consuming contaminated water. A recent draft US EPA proposal has recommended that water used for human consumption contain less than 32 lg l ±1 ClO 4 ± (Renner 1999b) . Little is known about ClO 4 ± in plant systems. Plants do take up ClO 4 ± and can concentrate the ClO 4 ± in their leaves. Urbansky et al. (2000b) detected ClO 4 ± at 5±6 mg kg ±1 in the twigs and 300 mg kg ±1 in the stalks of salt cedar (Tamarix ramosissima) growing in a contaminated streambed. Nzengung et al. (1999) found ClO 4 ± levels as high as 2000 mg kg ±1 in the leaves of willows grown hydroponically on media initially containing 100 mg l ±1 ClO 4 ± . There is also preliminary evidence that crops such as lettuce accumulate ClO 4 ± up to 0.001% of wet weight (Renner 1999a) . However, at present, there is relatively little additional information available about the ability of agricultural crops to concentrate ClO 4 ± or on the health eects resulting from the consumption of crops exposed to ClO 4 ± . Fertilizer components can contain ClO 4 ± as a natural contaminant. Perchlorate is a natural impurity in Chilean caliche at levels that are high enough to adversely aect sensitive crops (Schilt 1979 , Nzengung et al. 1999 , Susarla et al. 1999 , Urbansky et al. 2000a . Also, ClO 4 ± may be a contaminant of some commercial potash (Susarla et al. 2000) . In 1999, Susarla et al. reported the results of a survey of several US fertilizers, ®nding that almost all fertilizers and fertilizer components were contaminated with ClO 4 ± . These results suggested that ClO 4 ± was more common in fertilizers than previously suspected. However, while many of these claims were later retracted (Susarla et al. 2000) , the initial report has created widespread concern within the fertilizer industry. This concern was justi®ed as, due to the large and widespread use of fertilizers, the presence of even small amounts of ClO 4 ± would represent a signi®cant source of crop and environmental contamination.
Due to the importance of this question, and the confusion created by the initial report by Susarla et al. (1999) , I conducted my own survey analysing several locally available agricultural, horticultural and specialty fertilizers for ClO 4 ± . In addition, as there is currently no standard method for the extraction and analysis of ClO 4 ± from solid media (The Weinberg Group Inc. 1999), I evaluated the use of dilute NaOH to extract ClO 4 ± , the use of Ca(OH) 2 in a method for removing excess SO 4 ±2 , and the use of an HPLC equipped with an electrochemically regenerated solid-phase suppresser and a methacrylate based quaternary amine column as a means of measuring ClO 4 ± in fertilizer.
Materials and Methods

Instrumentation
An HPLC equipped with Peek (polyetherether ketone) lines and components, a 50´4.6 mm anion exchange column (Allsep, Alltech, Deer®eld, IL), an autosuppressor (ERIS 1000, Alltech, Deer®eld, IL) and a conductivity detector (CDD-6A, Shimadzu, Kyoto, Japan) was used for the analysis. The injection volume was 200 ll and the elution buer was 3.4 mM M NaHCO 3 and 3.6 mM M Na 2 CO 3 supplemented with 0.5 mM M p-cyanophenol pumped at 2 ml min ±1 . This procedure was a modi®ed Alltech method.
Extraction of perchlorate from fertilizers
Three extraction methods were used during the study. For all of these extractions fertilizer samples were initially ground to a ®ne powder with a mortar and pestle.
For studies involving the in¯uence of NaOH on ClO 4 ± recovery, 50 mg of ground Hi Yield Garden Fertilizer (Voluntary Purchasing Groups, Inc., Bonham, TX) was spiked with sucient ClO 4 ± stock solution to yield a 20-mg kg ±1 ®nal ClO 4 ± concentration in the fertilizer. These samples were then shaken with 5 ml of the indicated NaOH solution for 48 h on a rotary shaker operated at 140 r.p.m. After extraction, samples were vortexed for 10 s, and an aliquot of the vortexed sample was pipetted into a microcentrifuge tube and spun at 20 000 g for 10 min at 4°C. A sample of the supernatant¯uid was ®ltered through a 0.45-lm nylon ®lter (Alltech) for HPLC analysis.
For studies on the reduction of the SO 4 ± peak tail, 200 mg of All American Ammonium Sulfate Fertilizer (Purcell Industries, Sylacauga, AL) was spiked with ClO 4 ± and shaken in 20 ml of 50 mM M NaOH as described above. Aliquots of this mixture were then mixed with 0, 6.5 or 12.5 mg of Ca(OH) 2 ± (to yield 1 : 0, 1 : 0.5 or 1 : 1 SO 4 ± : Ca +2 molar ratios) and allowed to incubate for 1 h. After the incubation the samples were vortexed and a subsample withdrawn and ®ltered for HPLC analysis. Similar studies were conducted using Ba(OH) 2 in place of Ca(OH) 2 .
For the analysis of fertilizer samples for ClO 4 ± , 50 mg of fertilizer (Table 1) was placed into a 50-ml tube and extracted into 5 ml of 50 mM M NaOH solution. With each fertilizer six replicate samples were analysed; three of the replicate samples were spiked with sucient ClO 4 ± stock solution to yield a ®nal concentration of 200 mg kg ±1 and three received no spike. All samples were incubated for 48 h on a rotary shaker operated at 140 r.p.m. After extraction, 2.0 ml of the sample was mixed with 5 mg Ca(OH) 2 on a vortex mixer. These samples were allowed to sit for 1 h and vortexed again, and a subsample was collected and ®ltered for HPLC analysis.
Results and Discussion
Extraction of perchlorate from fertilizer with NaOH Most environmental studies with ClO 4 ± have involved its determination in aqueous samples; very few have involved the extraction of ClO 4 ± from solid material. In most of these studies water was used as the extraction medium (Susarla et al. 1999 (Susarla et al. , 2000 . When water alone was used to extract spiked samples, only 84% of the ClO 4 ± added to the fertilizer was recovered. However, recovery was improved by the addition of NaOH to the extraction¯uid with the highest recovery eciencies, 97±98%, occurring when 50 and 100 mM M NaOH was used to extract ClO 4 ± (Fig. 1a) . In addition, the standard error of the mean associated with replicate extractions improved as the amount of NaOH present in the extraction medium increased. The least error occurred when 100 mM M NaOH was used (Fig. 1b) .
Removal of SO 4
±2 with Ca(OH) 2
With anion exchange columns, SO 4 ±2 elutes shortly before ClO 4 ± , and when samples contain large amounts of SO 4 ±2 the tail of the peak can interfere with the detection and integration of the typically much smaller ClO 4 ± peak. In such situations, ClO 4 ± appears as a small trailing peak on the back of a much larger SO 4 ±2 peak. This can interfere with peak integration. In order to reduce this interference a treatment in which Ca(OH) 2 was added to precipitate a portion of the sulphate present in the samples was evaluated. When Ca(OH) 2 was included in the extraction mixture there was a signi®-cant, 75%, reduction in the slope of the tail of the SO 4 ±2 peak at the point where ClO 4 ± elutes (Fig. 2) . Ba(OH) 2 was found to reduce the slope of the SO 4 ±2 peak tail in a similar manner (data not shown).
Analysis of fertilizer samples for perchlorate
With an injection volume of 200 ll the detection limit of the equipment used was 20 lg kg ±1 . At this detection limit, no detectable ClO 4 ± was present in any of the 15 unspiked fertilizer samples examined (Table 1 ). The ClO 4 ± spike was recovered from all of the spiked fertilizer samples. Based on this survey, it is concluded that ClO 4 ± is not a common contaminant of fertilizers manufactured in the United States. The results of this study and the conclusions reached clearly disagree with those of Susarla et al. (1999) , which implied that ClO 4 ± is a common contaminant of US fertilizers, but do agree with those of Susarla et al. (2000) and Urbansky et al. (2000a 
